(19) 



Europaisches Patentamt 
European Patent Office 
Office euro pee n des brevets 



1 



(12) 



(n) EP 0 967 210 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
04.06.2003 Bulletin 2003/23 

(21) Application number: 96941664.3 

(22) Date of filing: 20.12.1996 



(51) Intci7: C07D 249/08, C07C 243/18, 
C07C 241/02 

(86) International application number: 
PCT/ES96/00245 

(87) international publication number: 

WO 97/044330 (27.11.1997 Gazette 1997/51) 



(54) PROCESS FOR PREPARING BIOLOGICALLY ACTIVE DERIVATIVES OF 1 ,2,4-TRI AZOL AND 
INTERMEDIARIES USEFUL IN THIS PROCESS 

VERFAHREN ZUR HERSTELLUNG BIOLOGISCH AKTIVER DERIVATE DES 1 ,2,4-TRI AZOLS UND 
IN DIESEM VERFAHREN NUETZLICHE ZWISCHENPRODUKTE 

PROCEDE DE PREPARATION DE DERIVES BIOLOGIQUEMENT ACTIFS DE 1 ,2,4-TRIAZOLE ET 
INTERMEDIATES UTILISES DANS CE PROCEDE 



CD 
o 

<0 
o 

Q. 

LU 



(84) Designated Contracting States: 
AT DE DK Fl QB 
Designated Extension States: 
LTSI 

(30) Priority: 21.05.1996 SI 9600165 

(43) Date of publication of application: 
29.12.1999 Bulletin 1999/52 



(73) Proprietor: KRKA, tovarna zdravil, d.d., Novo 
mesto 

8501 Novo mesto (SI) 

(72) Inventor: PALO MO COLL, Alberto 
E-0 8017 Barcelona (ES) 

(74) Representative: UEXKULL & STOLBERG 
Patentanwalte 

Beselerstrasse 4 
22607 Hamburg (DE) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1 ) European Patent Convention). 



Printed by Jouvo. 75001 PARIS (FR) 



EP 0 967 210 B1 



Description 

Technical Field 



[0001] The invention belongs to the field of organic chemical synthesis and relates to a process for the preparation 
of a biologically active derivative of 1 ,2,4-triazole having the common name fluconazole, which is an important antifungal 

vZnl ^M m0n °H Ub8 I itU l ed hydfaZineS and S - triaZine - This antifun 9 al com P° und fe used in h "™" medicine, 
veterinary medicine and agriculture. 



Technical Problem 



[0002] There was a need for a simplified and industrially suitable process for the synthesis of fluconazole, which is 
a bistriazole antifungal active substance for human use (GB 2,099,818 (1 982)), Merck Index, 11th Edition, p. 645. 



Prior Art 



SSoSa h (l) SlS °' ,IUC0na2 ° l6 ' ° hemlCal name 2 -t 2 . 4 - diflu °rophenyl]-1 ,3-bls[1 H-1 ,2,4-trlazole-1 -yl).propane-2-ol, 




(0 



is disclosed In GB 2,099,818, US 4,404,216, YU 42770, ES 512,882 and ES 520,794, ES 618,198, WO 95/07895, AT 
900,961 . 

[0004] In said patents two main synthesis routes are used, which are schematically disclosed in Schemes 1 and 2 
[0005] The synthesis routes of fluconazole are performed by opening the oxirane derivative (II) with 1 2 4-triazole 
(Scheme 1 below) or by the substitution of the reactive groups with 1 ,2,4-triazole on the intermediate (III), both times 
in a strongly alkaline medium. At the substitution of the reactive groups X (X represents halo, hydroxy, a substituted 
hydroxy group) in the reaction, an epoxide derivative is formed, which is, however, not isolated durinq the reaction 
(Scheme 2 below). 
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[0006] In both routes the reaction is carried out in an alkaline medium and 1,2,4-triazole represents a nucleophil. 
1 ,2,4-triazole is partially reacted also in 4-position and thus undesired isomeric products are formed. Such a reactivity 
also results In a low reaction yield and, due to the presence of isomeric products, in a lesser purity of the product. 
When the reaction of 1,2,4-triazole is carried out with the intermediate (III) wherein X represents chloro, the yield 
amounts to 26%. 

[0007] In WO 9604256 and WO 9604257 compounds having a similar structure as compounds IV according to the 
invention are disclosed. 



50 The Inventive Solution 

[0008] By means of the process according to the invention as disclosed below, the formation of undesired products 
being formed with 1,2,4-triazole under alkaline reaction conditions is prevented and the reaction yield is close to a 
quantitative conversion. The reaction mechanism and conditions differ from the ones known in the literature and the 
55 formation of isomeric 1 ,2,4-triazole products is avoided. The purity of the products is greater. 

[0009] The first object of the invention is a process for the preparation of 2-{2,4-dmuorophenyl]-1 ,3-bls[1 H-1 ,2.4-trl- 
azole-1-yl]-propane-2-ol (fluconazole) of the formula (I) 
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(0 



and of pharmaceutically acceptable salts thereof, characterized in that a compound of the formula 



(IV) 




(IV) 



wherein R represents H, benzyl, trip henylm ethyl and COORi with R1 being alkyl or aryl, preferably tert-butyl or ethyl, 
and Z represents a triazole radical or a hydrazine radical optionally substituted by R of the above definition, optionally 
in the salt form, is reacted with s-triazine of the formula 




in an organic solvent under acidic reaction conditions. 

[001 0] As organic solvents there may be used alcohols, preferably ethanol, methanol, 1 - and 2-propanol, ethers such 
as diethyl ether, dipropyl ether, diisopropyl ether, methyl tert-butyl ether, acetonitrile, DMSO, DMF, DMAA (dimethyl 
acetamide), N-methylpyrrolidone. 

[0011 J To the solvent an inorganic or organic acid is added such as formic acid, acetic acid, trifluoroacetic acid 
methanesulfonic acid, malonic acid, maleic acid, malic acid, chloroacetic acid, dichloroacetic acid, propanoic acid or 
paratoluenesulfonic acid, hydrochloric acid, sulfuric acid and nitric acid, preferably formic acid or trifluoroacetic acid. 
[0012] Also organic acid alone may be used as an organic solvent. 

[0013] If a mixture of acids e.g. of organic acids is used, it may be operated at different ratios of these acids. 

[0014] The reaction temperature is between -60°C and the boiling point of the reaction mixture used. 

[0015] For the preparation of pharmaceutically acceptable salts of fluconazole, there can be used formic acid, acetic 
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acid, trifluoroacetic acid, methanesulfonic acid, malonic acid, maleic acid, malic acid, paratoluenesulfonic acid and 
also hydrochloric acid, sulfuric acid and nitric acid. 

[0016] The compound (I) (fluconazole) is obtained In a high yield (80-1 00%) depending upon the used acid or solvent, 
the reaction time, the reaction temperature and the pH of the reaction medium. 
5 [0017] In the reaction between 2-(2,4-difluorophenyl)-1 -(1 H-l^-triazoM-ylJ-a-hydrazino-propane^-ol (IV) and s- 
triazine in absolute alcohol and under addition of HQ, the yield is about 80%. When acetic acid is used as the solvent, 
the reaction is almost quantitative (over 95%) already after 45 minutes. When formic acid is used, the conversion is 
quantitative already after 20 minutes at a temperature between 0 and 5°C. 

[0016] The performed reactions show that the conversion of hydrazine compounds (IV) in the reaction with s-triazine 
10 to the compound (I) is better and quicker in strong acidic reaction conditions with the compound (IV) being present in 
the salt form such as hydrochloride, sulfate, acetate, formate, methanesulfonate and others. As mentioned before, the 
compound (IV) may be used In the form of a base or in the f orm of the above salts. 

[0019] The advantage of the present process is obvious since in the reaction between the compound (IV) and s- 
triazine 2-{2,4-difluorophenyl]-1,3-bi8 [1H-1,2,4-triazole-1-yl]-propane-2-ol (I) (fluconazole) is formed quantitatively. 
15 The reaction is per-formed in acidic and strongly acidic reaction conditions (pH Is 1-6). All processes known Insofar 
for the synthesis of fluconazole have been carried out in basic reaction conditions (pH is 7-14). 
[0020] The mechanism of the reaction of s-triazine with the compound (IV) wherein R is H and Z is 1,2,4-triazole 
radical is represented in the following scheme. 
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Y = acid anion 



[0021] Compounds of the formula (IV) are novel and also represent an object of the invention. If they are used in 
salt form, these are salts with formic acid, acetic acid, trlfluoroacetic acid, sulfonic acid, methanesuffonlc acid, malonlc 
acid, maleic acid, malic acid and paratoluenesulfonic acid as well as with hydrochloric acid, sulfuric acid, nitric acid. 
[0022] The compound of the formula (IV) wherein Z represents a trlazole radical Is obtained according to one process 
variant as disclosed in Scheme 3. 
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SCHEME 3 
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20 



2-(2,4-difluorophenyl)-1 -(1 H-1 ,2,4-triazole-1 -yl)propane-2,3-epoxide of the formula (II) is reacted with a hydrazine com- 
pound of the formula 



25 



NH 2 NHR 



(V) 



30 



wherein R has the above meaning. The compound of the formula (V) may be used when R is hydrogen, in the form of 
hydrazine hydrate alone, hydrazine hydrate in water, hydrazine hydrate In organic solvents such as acetonitrile, or in 
a mixture of organic solvents and water, whereas in case that R has the remaining meanings different from hydrogen, 
it is used In an organic solvent 

[0023] The compound of the formula (IV) wherein Z is a triazole rest is obtained according to another process variant 
as disclosed in Scheme 4. 
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55 



[0024] From 1 -(2,4-difluorophenyl)-2-(1 H-1 ,2,4-triazolo-1 -yl)ethane-1 -one (VII) by halo-methylating with dihalometh- 
ane CH 2 (f\£ 2 wherein R 2 represents CI, Br or I, and with a catalyst which may be samarium (II) iodide or samarium 
metal, 2-(2,4-difluorophenyl)-1-(1H-1 l 2,4-triazolo-1-yl)-3-halopropane-2-ol of the formula (VIII) wherein Rg has the 
above meaning is obtained and then in a substitution reaction halo is exchanged for an appropriate hydrazine of the 
formula (V). 

[0025] The compounds of the formula (IV) wherein Z is a hydrazine radical optionally substituted by R of the above 
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meaning are obtained according to the process of the invention as disclosed in Scheme 5. 



SCHEMES 




[0026] From 2-(2,4-difluorophenyl)-1 ,3-dlsubstltuted propane-2-ol of the formula (III) wherein X represents halo, hy- 
droxy or substituted hydroxy group, a compound of the formula (IV) is obtained by a substitution of the group X with a 
hydrazine compound of the formula V. If R in the compound ot the formula (V) represents hydrogen the substation 
may be performed with an excess of hydrazine hydrate or with hydrazln hydrate In a minimum excess In an organic 
solvent, preferably acetonitrile. 

[0027] All these processes for the preparation of the compound of the formula (IV) are all carried out at a temperature 
between -25°C and the reflux of the reaction mixture. It is operated in an organic solvent. 

[0028] An object of the invention is also a process for the preparation of the compound of the formula (IV) wherein 
Z is a hydrazine radical optionally substituted by R of the above meaning, characterized in that from 2-(2,4-difluoroph- 
enyl)-1 p 3-disubstituted propane-2-ol of the formula (III) 




SI 



wherein X has the meaning of halo, hydroxy or a substituted hydroxy group, a compound of the formula (IV) Is obtained 
by the substitution of the group X with the hydrazine compound of the formula (V). 

[0029] In Figs. 1 ,2,3 and4the IR spectrum, N MR spectrum, UV spectrum and mass spectrum (FAB) of the compound 
of the formula (IV) wherein R is hydrogen and Z is a 1 ,2,4-triazole radical are shown. 
[0030] The invention is illustrated by the following Examples. 
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Example 1 

Synthesis of hydrazine compound of the formula (IV) (Z is a triazole radical, R is H) from the compound of the formula (II) 

5 [0031] To acetonitrile (12.5 ml) and epoxide (1 .67 g, 0.005 mole) of the formula (II) in the form of methanesulfonate, 
hydrazine hydrate (0.61 ml, 0.01 25 mole; 99%) was added. The reaction mixture was in three phases: two uncoloured 
phases and a suspension phase with a white solid. The reaction mixture was heated to the boiling point where only a 
two-phase system of two uncoloured phases was observed. The reaction mixture was heated at the boiling point for 
3 hours when by TLC (chloroform/ methanol 15/2) the completion of reaction was established. The reaction mixture 

io was cooled to 0-5°C in 1 0 minutes. The obtained white precipitate was filtered off and washed with acetonitrile. (Hy- 
drazine methanesulfonate (0.64 g) was obtained.) The filtrate was evaporated at reduced pressure and on a bath 
having a temperature not over 40°C. A white product (1.35 g) (IV), 2-(2,4-difluorophenyl)-1-(1H-1 l 2 l 4-triazole-1-yl)- 
3-hydrazino-propane-2-ol, was obtained. 

13 Example 2 

Synthesis of hydrazine compound of the formula (IV) (Z is a triazole radical, R is H) from the compound of the formula (II) 

[0032] It was proceeded as in Example 1 . After the completed reaction the reaction mixture was given into a sepa- 
20 rating funnel, methylene chloride (25 ml) and a saturated aqueous NaCI solution (1 5 ml) were added. The mixture was 
shaken, the organic phase and the aqueous phase were separated, the aqueous phase was washed with methylene 
chloride (5 ml), the organic phases were combined, dried with anhydrous sodium sulfate, the solvent was evaporated 
in vacuo (the pressure was to be under 1 .33 mbar) and the title compound (1 .28 g) was obtained, which crystallized 
in the refrigerator. 

25 

Example 3 

Synthesis of hydrazine compound of the formula (IV) (Z is a triazole radical, R is EtOOC) 

30 [0033] A mixture of acetonitrile (10 ml), the epoxide of the formula (II) (0.333 g; 0.001 mole) and ethyl carbazate 
(0.520 g; 0.005 mole) was heated for 4 hours at reflux temperature. After the completed reaction the reaction mixture 
was cooled and chloroform (25 ml) and saturated aqueous NaCI solution (1 5 mi) were added. The mixture was shaken 
in a separating funnel, the organic phase was separated from the aqueous one and dried with anhydrous sodium 
sulfate. The solvent was evaporated and an oily product (0.314 g) was Isolated. 

35 |R (oily film): 3290, 3060, 3020, 2940, 1690, 1600, 1480, 1250,1130, 945, 835. 
Mass spectrum (FAB) m/z: 342 (MH + ) 

1 H NMR (CDCI 3 , 300 MHz) 6 (ppm): 1 .26 (t, 3H, 3 J = 7.1 Hz), 2.88 (d, 1 H, 2 J = 4.7 Hz), 2.95 (d, 1H, 2 J = 4.7 HZ), 3.76 
(broad signal, 2H, -NHNH-), 4.16 (q, 2H, 3 J = 7.1 Hz), 4.52 (d, 1H, 2 J = 14.8 Hz), 4.82 (d, 1H, 2 J - 14.8 Hz), 6.85 (m, 
2H), 7.17 (m, 1H), 7,87 (s, 1H), 8.07 (s, 1H). 

40 

Example 4 

Synthesis of hydrazine compound of the formula (IV) (Z is a triazole radical, R is-BifoOC) 

45 [0034] A mixture of acetonitrile (1 0 ml), the epoxide of the formula (II) (0.333 g; 0.001 mole) and tert-butyl carbazate 
(0.660 g; 0.005 mole) was heated for 4 hours at reflux temperature. After the completed reaction the reaction mixture 
was cooled and chloroform (25 ml) and saturated aqueous NaCI solution (15 ml) were added. The mixture was shaken 
in a separating funnel, the organic phase was separated from the aqueous one and dried with anhydrous sodium 
sulfate. The solvent was evaporated and an oily product (0.328 g) was isolated. 

50 |R (oily film): 3380, 3070, 3020, 2940, 1680, 1590, 1575, 1470, 1400, 1250, 1115, 945, 850. 

Mass spectrum (FAB) m/z: 370 (MH + , 23%), 314 (100%), 289 (15%), 230 (24%), 177 (16%), 89 (12%), 70 (52%), 57 
(40%). 

'HNMR (CDCI3, 300 MHz) 5 (ppm): 1 .43 (s, 9H), 2.88 (d, 1H, 2 J = 4.7 Hz), 2.95 (d, 1H, 2 J = 47 Hz), 4.51 (d, 1H, 2j = 
14.8 Hz), 4.83 (d, 1H 2 J = 14.8 Hz), 6.84 (m, 2H), 7.17 (m, 1H), 7.86 (s, 1H), 8.07 (s, 1H). 

55 
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Example 5 

Synthesis of 2-(2,4-dlfluoropheny^ of the formula (VIII) 

[0035] Into redistilled dry THF (10 ml) dilodomethane (2 mmole; 536 mg) was given under argon and 0.1 M THF 
solution (25 ml) of samarium (II) iodide was added, Then gradually a THF solution of 1-(2,4-difluorophenyl)-2-(1H- 
1 ,2,4-triazoio-1 -yl)ethane-1-one (VII) (223 mg; 1 mmol) was added. After the addition the solution was stirred for another 
30 minutes at room temperature. The obtained precipitate was filtered by suction, the solvent was evaporated In vacuo, 
methylene chloride (20 ml) was added to the residue, the solution was dried with sodium sulfate, the solvent was 
evaporated and a crude product was crystallized from isopropanol. The title compound (335 mg; 82%) was obtained 
IR: 3120, 2970, 2960, 1610, 1500, 1420, 1275, 1140, 1105, 970, 855, 680 

1H NMR (CDCI 3 , 300 MHz) B (ppm): 2.88 (d, 1H, 2j = 4.7 Hz), 2.95 (d, 1H t *J = 4.7), 3.58 (d, 1H, 2J = 10.7 Hz) 3 76 
(d, 1 H, 2 J = 10.7 Hz), 6.8 (m, 2H), 7.2 (m, 1 H), 7.87 (s, 1 H), 8.07 (s, 1 H). 

Example 6 

Synthesis of hydrazine compound of the formula (IV) (Z is a triazole radical, R is H) from the compound of the formula 

[0036] The compound of the formula (VIII) (365 mg; 1 mmole) obtained in Example 5, hydrazine hydrate (125 mg; 
2.5 mmole) and acetonitriie (10 ml) were heated for 3 hours at reflux temperature. After the completed reaction dichlo- 
romethane (15 ml) and saturated aqueous NaCI solution (10 ml) were added, the mixture was shaken in a separating 
funnel, the organic phase was separated from the aqueous one, dried with anhydrous sodium sulfate, the solvent was 
evaporated In vacuo and the title compound (241 mg; 89.6%) was obtained. 

Example 7 

Synthesis of fluconazole 

[0037] To a crude hydrazine compound (IV) from Example 1 (1 .35 g; 0.005 mole) triazine (1 .42 g; 0.01 7 mole; 97%) 
and acetic acid (10 ml) were added. A yellowish reaction mixture was heated at reflux temperature (116-11 8°C) for 2 
hours and 45 minutes. During this period the yellow reaction mixture became orange. The completion of the reaction 
was detected by TLC (chloroform/methanol 15/2). Acetic acid was evaporated at reduced pressure and at the bath 
temperature of 70-75°C. Water (1 0 ml) and NaCI (3 g) were added to the orange residue after evaporation and meth- 
ylene chloride (25 ml) was added. The pH of the aqueous phase was 2-3. The pH of the aqueous phase was adjusted 
to 7 with a 33% NaOH solution and then it was decanted. The aqueous phase was washed with methylene chloride 
(10 ml), the organic phases were combined and dried with anhydrous sodium sulfate. It was filtered, washed with 
methylene chloride and methylene chloride was evaporated at the temperature of 40°C and at reduced pressure A 
pink solid (1 .49 g; 97.4%) was isolated. 
TLC: chloroform/metanol 15/2, Rf 0.51. 

[0038] The spectroscopic data (IR, *H NMR, mass spectrum) corresponded to the title compound. 
Example 8 

Synthesis of fluconazole 

[0039] To the hydrazine compound (IV) (1 .35 g; 0.005 mole) from Example 1 triazine (1 .42 g; 0.01 7 mole; 97%) and 
formic acid (10 ml; 98%) were added. The obtained yellowish reaction mixture was heated at the reflux temperature 
(1 00-1 02°C) for 40 minutes when the reaction mixture became orange, and the completion of the reaction was detected 
by TLC. Formic acid was evaporated at reduced pressure and at the bath temperature of 70-71 °C. Water (10 ml) and 
NaCI (3 g) and methylene chloride (25 ml) were added to the residue. The pH of the aqueous phase was 2-3. The pH 
of the solution was adjusted to 7 with a 33% NaOH solution and was decanted. The organic phase was washed with 
methylene chloride (1 0 ml), the organic phases were combined and dried with anhydrous sodium sulfate. It was filtered, 
washed with methylene chloride and methylene chloride was evaporated at the temperature of 40°C and at reduced 
pressure. A lightly coloured product (1 .48 g; 96,7%) was isolated. 
TLC: chloroform/metanol 15/2, Rf 0.51 . 

[0040] The spectroscopic data (IR, *H NMR, mass spectrum) corresponded to the title compound. 
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Example 9 

Synthesis of fluconazole 

5 [0041] It was proceeded as in Example 8. The reaction time was 70 minutes at reflux temperature (1QO-101°C). A 
slightly coloured product (1 .44 g; 94.1%) was obtained. 
TLC: chloroform/metanol 15/2, Rf 0.51. 

[0042] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 
10 Example 10 

Synthesis of fluconazole 

[0043] It was proceeded as in Example 8. The reaction time was 50 minutes at 80-85°C A slightly coloured product 
is (1 .50 g; 98%) was obtained. 

TLC: chloroform/metanol 15/2, Rf 0.51. 

[0044] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 
Example 1 1 

20 

Synthesis of fluconazole 

[0045] To the hydrazine compound (IV) (1 .35 g; 0.005 mole) from Example 1, triazine (1 .42 g; 0.01 7 mole; 97%) and 
formic acid (1 0 ml; 98%) were added. The yellowish reaction mixture was heated to the temperature of 30°C and then 

25 heated for 75 minutes at 30-35° C. The yellow reaction mixture became orange and the completion of the reaction was 
detected by TLC (chloroform/methanol 1 5/2). Water (10 ml) and NaCI (3 g) and methylene chloride (25 ml) were added 
to the reaction mixture. The pH of the aqueous phase was 1.15. The pH of the solution was adjusted to 7 with a 33% 
NaOH solution and an uncoloured aqueous phase and a yellowish organic phase were decanted. The phases were 
separated, the aqueous phase was washed with methylene chloride (1 0 ml), organic phases were combined and dried 

30 with anhydrous sodium sulfate. It was filtered, the drying agent was washed with methylene chloride and the solvent 
was evaporated at the temperature of 40°C and at reduced pressure. A white product (1 .49 g; 97.4%) was isolated. 
TLC: chloroform/metanol 15/2, Rf 0.51. 

[0046] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 
35 Example 12 

Synthesis of fluconazole 

[0047] It was proceeded as in Example 1 1 . The reaction time was 2 hours 35 minutes at the temperature 20-25°C. 
40 A slightly coloured product (1 .51 g; 98.7%) was obtained. 
TLC: chloroform/metanol 15/2, Rf 0.51. 

[0048] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 
Example 13 

45 

Synthesis of fluconazole 

[0049] It was proceeded as In Example 1 1 , The reaction time was 1 hour at the temperature 0-5°C. A slightly coloured 
product (1 .50 g; 98%) was obtained. 
50 TLC: chloroform/metanol 15/2, Rf 0.51 

[0050] The spectroscopic data (IR, *H NMR, mass spectrum) corresponded to the title compound. 

Example 14 

55 Synthesis of fluconazole 

[0051] It was proceeded as in Example 11. The reaction time was 90 minutes at the temperature 0-5°C. A white 
product (1 .46 g; 95%) was obtained. 
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TLC: chloroform/metanol 15/2, Hf 0.51 

[0052] The spectroscopic data (IR, *H NMR, mass spectrum) corresponded to the title compound. 
Example 15 

5 

Synthesis of fluconazole 

[0053] It was proceeded as In Example 11 . The reaction time was 1 hour at the temperature 0- 5° C. 97% trlazlne (0.7 
g; 0.009 mole) was used. A slightly coloured product (1 .46 g; 95.4%) was obtained. 
10 TLC: chloroform/metanol 15/2, Rf 0.51 

[0054] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 

Example 16 
is Synthesis of fluconazole 

[0055] To a hydrazine compound (IV) (1 .35 g; 0.005 mole) from Example 1 methylene chloride (20 ml), trifluoroacetic 
acid (2 ml; 0.026 mole) and s-triazine (0.8 g; 0.00987 mole) were added. A two-phase system was heated to 37°C and 
formic acid (4 ml; 98%) was added to obtain a yellow solution. The reaction mixture was kept for 1 hour at 35°C. TLC 

20 showed that the reaction was completed. Then a solution of water (10 ml) and NaCI (3 g) was added. The pH was 
0.28. A 33% NaOH solution was added to pH 7.56 and then it was decanted. The aqueous phase was colourless and 
the organic phase was slightly pink. The aqueous phase was washed with methylene chloride (10 ml), organic phases 
were combined, dried with anhydrous sodium sulfate, filtered, washed with methylene chloride and evaporated on 
rotavapor in vacuo (bath temperature 40°C). A white product (1 .39 g; yield 91%) was obtained. 

25 TLC (chloroform/methanol 1 5/2) showed that the product was very pure (one stain); Rf 0.51 . 

[0056] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 

Example 17 
30 Synthesis of fluconazole 

[0057] To the hydrazine compound (IV) (1 .35 g; 0.005 mole) from Example 1 , methylene chloride (10 ml), formic acid 
(4 ml; 98%), trifluoroacetic acid (1.7 ml; 0.022 mole) and s-triazine (0.6 g; 0.0074 mole) were added. An orange red 
solution was obtained. The reaction mixture was kept for 1 hour at25°C. TLC showed that the reaction was completed. 

35 Then a solution of water (1 0 ml) and NaCI (3 g) and methylene chloride (1 0 ml) were added. The pH was 0.05. A 33% 
NaOH solution was added to pH 8.1 4 and then It was decanted. The aqueous phase was colourless and the organic 
phase was yellow. The aqueous phase was washed with methylene chloride (10 ml) and then again with methylene 
chloride (2x5 ml). Organic phases were combined, dried with anhydrous sodium sulfate, filtered, washed with meth- 
ylene chloride and evaporated on rotavapor in vacuo (bath temperature 40°C). A beige product (1 .48 g; yield 96.7%) 

*o was obtained. 

[0058] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 

Example 18 

4$ Synthesis of fluconazole 

[0059] To the hydrazine compound (IV) (1 .35 g; 0.005 mole) from Example 1 , methylene chloride (40 ml), formic acid 
(4 ml; 98%), trifluoroacetic acid (1 .7 ml; 0.022 mole) and s-triazine (0.6 g; 0.0074 mole) were added. An orange emulsion 
(two phases) was obtained, which means that the reaction took place In heterogenous phase. The reaction mixture 

50 was heated at reflux (41 °C) and there were still two phases. Such reaction mixture was kept at reflux for 1 hour. TLC 
showed that the reaction was completed. Then the reaction mixture was cooled to room temperature and a solution 
of water (1 0 ml) and NaCI (3 g) was added. The pH was 0.1 7. A 33% NaOH solution was added to pH 8.45 and then 
It was decanted. The aqueous phase was colourless and the organic phase was almost colourless. The aqueous phase 
was washed with methylene chloride (1 0 ml) and then again with methylene chloride (2x5 ml). Organic phases were 

55 combined, dried with anhydrous sodium sulfate, filtered, washed with methylene chloride and evaporated on rotavapor 
in vacuo (bath temperature 40°C). A white solid (1 .48 g; 96.7%) was obtained. 
TLC (chloroform/methanol 15/2) showed that the product was very pure (one stain). 
[0060] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 
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Example 19 

Synthesis of fluconazole 

5 [0061] To the hydrazine compound (IV) (1 .35 g; 0.005 mole) from Example 1 methylene chloride (20 ml), formic acid 
(4 ml; 98%), trifluoroacetic acid (1 .7 ml; 0.022 mole) and s-triazine (0.6 g; 0.0074 mole) were added. An orange solution 
(30°C) was obtained. The reaction mixture was kept at 30°C for 1 hour. TLC showed that the reaction was completed. 
A solution of water (10 ml) and NaCI (3 g) was added. The pH was 0.27. A 33% NaOH solution was added to pH 8 
and then it was decanted. The aqueous phase was colourless and the organic phase was yellow. The aqueous phase 

10 was washed with methylene chloride (1 0 ml) and then again with methylene chloride (2x5 ml). Organic phases were 
combined, dried with anhydrous sodium sulfate, filtered, washed with methylene chloride and evaporated on rotavapor 
in vacuo (bath temperature abot 40°C). A beige solid (1 .51 g; yield 98.7%) was obtained. 
[0062] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 

*5 Example 20 

Synthesis of fluconazole 

[0063] To the hydrazine compound (IV) (1 .35 g; 0.005 mole) from Example 1 , methylene chloride (40 ml), formic acid 
20 (4 ml; 98%) and trifluoroacetic acid (1 .7 ml; 0.022 mole) were added and the reaction mixture was cooled to -5°C. Then 
s-triazine (0.6 g; 0.0074 mole) was added and the reaction mixture was kept at -5°C to -10°C for 1 hour. Two phases 
were present, which means that the reaction took place In heterogenous phase. TLC showed that the reaction was 
completed. Then the temperature of the reaction mixture was increased to 15-20°C and a solution of water (10 ml) 
and NaCI (3 g) was added. The pH was 0.01 . A 33% NaOH solution was added to pH 8.1 5 and then it was decanted. 
25 The aqueous phase was colourless and the organic phase was pale yellow. The aqueous phase was washed with 
methylene chloride (1 0 ml) and then again with methylene chloride (2 x S ml). Organic phases were then combined, 
dried with anhydrous sodium sulfate, filtered, washed with methylene chloride and evaporated on rotavapor in vacuo 
(bath temperature 40°C). A solid (1 .49 g; yield 97.4%) was obtained. 
TLC (chloroform/methanol 15/2) showed that the product was very pure (one stain). 
30 [0064] The spectroscopic data (IR, 1 H NMR, mass spectrum) corresponded to the title compound. 

Example 21 

Synthesis of fluconazole 

35 

[0065] To the hydrazine compound (IV) (1 .35 g: 0.005 mole) from Example 1 , acetonltrile (20 ml), formic acid (4 ml; 
98%) and trifluoroacetic acid (1 .7 ml; 0.022 mole) were added and the reaction mixture was cooled to -5°C. Then s- 
triazine (0.6 g; 0.0074 mole) was added and a yellow solution was obtained. The system was kept at -5°C to -10°C 
for 1 hour and then the temperature was allowed to increase to 15-20°C and methylene chloride (20 ml) and a solution 

*o of water (1 0 ml) and NaCI (3 g) were added. The pH was 1 .22. A 33% NaOH solution was added to pH 8.35 and then 
It was decanted. The aqueous phase was colourless and the organic phase was yellow. The aqueous phase was 
washed with methylene chloride (10 ml) and then again with methylene chloride (2x5 ml). Organic phases were then 
combined, dried with anhydrous sodium sulfate, filtered, washed with methylene chloride and evaporated on rotavapor 
in vacuo (bath temperature 40°C). A beige product (1 .53 g; yield 100%) was obtained. 

45 TLC (chloroform/methanol 1 5/2) showed that the product was pure (one stain). 

Example 22 

Synthesis of fluconazole 

50 

[0066] To the hydrazine compound (IV) (1 .35 g; 0.005 mole) from Example 1 , methylene chloride (40 ml), f ormic acid 
(4 ml; 98%) and trifluoroacetic acid (1 J ml; 0.022 mole) were added and the reaction mixture was cooled to -5°C. Two 
phases were obtained . Then s-triazine (0.8 g; 0.00987 mole) was added. A yellow emulsion (two phases) was obtained : 
which means that the reaction took place in heterogenous phase. The reaction mixture was kept at -5°C to -10°C for 
55 1 hour, then the temperature was allowed to increase to 15-20°C and a solution of water (1 0 ml) and NaCI (3 g) was 
added. The pH was 0.57. A 33% NaOH solution was added to pH 8.29 and then It was decanted. The aqueous phase 
was colourless and the organic phase was almost colourless. The aqueous phase was washed with methylene chloride 
(10 ml) and then again with methylene chloride (2x5 ml). Organic phases were then combined, dried with anhydrous 
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sodium sulfate, filtered, washed with methylene chloride and evaporated on rotavapor in vacuo (bath temperature 

40°C). A beige product (1 .48 g; yield 96.7%) was obtained. 

TLC (chloroform/methanol 1 5/2) showed that the product was very pure (one stain). 

Example 23 

Synthesis of fluconazole 

[0067] To acetonitrile (12.5 ml) and epoxide (1 .67 g, 0.005 mole) of the formula (II) in the form of methanesulfonate. 
hydrazine hydrate (0.61 ml, 0.0125 mole; 99%) was added. The reaction mixture was in three phases: two uncoloured 
phases and a suspension phase with a white soiid. The reaction mixture was heated to the boiling point where only a 
two-phase system of two uncoloured phases was observed. The reaction mixture was heated at the boiling point for 
3 hours when by TLC (chloroform/ methanol 1 5/2) the completion of reaction was established. 
[0068] The reaction mixture was cooled to room temperature and then methanesulfonic acid {0.2 mi) was added, 
the hydrazine methansulfonate formed was filtered and then washed with acetonitrile (30 ml). Acetonitrile was evap- 
orated on rotavapor and to the crude product 98% HCOOH (5 ml) and methylene chloride (5 ml) were added. The 
system was cooled to 0 to -5°C and s-triazine (0.6 g; made according to the procedure disclosed in W. Kantlehner et 
al., Synthesis, 1979 , 690) was added to obtain a yellow orange solution. The system was kept for 1 hour at 0 to -5°C 
and afterwards a solution of water (10 ml) and NaC! (3 g) and also methylene chloride (15 ml) were added. A 33% 
NaOH solution was added to achieve pH 8.12 (approximately 12 ml of 33% NaOH) and decanted. The aqueous phase 
was washed once with 1 0 ml of methylene chloride, then with 5 ml of methylene chloride and again with 5 ml of meth- 
ylene chloride. The organic phase was dried with anhydrous sodium sulfate, filtered, washed and evaporated on ro- 
tavapor for 2 hours with a bath temperature of 80°C. Yield 1 .41 g (92%) 

Example 24 

Crystallization of fluconazole 
Variant I: 

[0069] Crude fluconazole (2 .50 g) was blended with isopropanol (20 ml) and a suspension was obtained. The reaction 
medium was heated to the temperature of 55°C when undissolved particles dissolved and a pink coloured solution 
was obtained. Active coal (0.5 g) was added and the reaction mixture was heated for 20 minutes at 55-65°C. Solid 
particles were filtered off and washed with Isopropanol. The filtrate was concentrated under reduced pressure to a 
volume of 5 ml and cooled in 1 2 hours to 0-5°C. The obtained product was filtered and washed with isopropanol cooled 
to -1 1 °C. A snow white precipitate (1 .89 g) was obtained. Yield 80%. 
M.p. of recrystallized product: 135-137°C. 

[0070] Tne spectroscopic data (IR, 19 F NMR, UV, mass spectrum) corresponded to the title compound. 
[0071] The mother liquid and isopropanol used for washing were used for further recrystallizatlons: 

[0072] To fluconazole (2.22 a) a solvent /2n ml' 7 mS nf the* m nth Or liniliH fmm tho nmw; n , ,o ra/*r.ir>+nlli-»n»:~ n 4 0 

» - ■ -■- • ■•T""— uiw f^iwriwMV I vui jgiuilltWUVII UIIU IO 

ml of isopropanol) was added and the mixture was heated to 55°C. Active coal (0.5 g) was added and the reaction 
mixture was stirred for 20 minutes at 55-60°C t filtered at 55°C, washed with isopropanol and concentrated to 5 ml of 
isopropanol. It was cooled to -5°C in 12 hours and fluconazole was filtered off. It was washed with cooled isopropanole 
(3 x 2.5 ml). A snow white product (1 .90 g) was isolated. Yield 90%. 
M.p. of the recrystallized product: 135-138°C. 

[0073] The spectroscopic data (IR, ™F NMR, UV, mass spectrum) corresponded to the title compound. 
[0074] To the mother liquid water (30 ml) and methylene chloride (1 5 ml) were added. The aqueous phase was was 
decanted and extracted with methylene chloride (2x10 ml). Organic phases were combined and dried with anhydrous 
sodium sulfate, filtered and the solvent was evaporated under reduced pressure. An orange product (0.64 g) was 
isolated. Isopropanol (0.5 ml) was added and it was cooled to -5°C. The product obtained was filtered by suction. 

Variant II: 

[0075] Crude fluconazole (2.5 g) was blended with ethyl acetate (20 ml) and heated to the boiling point, active coal 
(0.3 g) was added and the heating was continued under reflux for another 10 minutes. It was filtered and the filtrate 
was concentrated to a volume of 5 ml. It was cooled to 0°C and the obtained product was filtered by suction. A white 
product (2.25 g; 90%) with am.p. 1 36-1 3B°C was obtained. The mother liquidcould be used for further recrystallizations. 
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Example 25 

Synthesis of fluconazole methanesuffonate 

[0076] Fluconazole (1 g; 0.00327 mole) was blended with methyl tert-butylether (1 0 ml) and a white suspension was 
obtained. Methanesulfonic acid (0.21 ml; 0.00327 mole) was added to the reaction mixture drop by drop. The reaction 
mixture was stirred at room temperature for 1 hour, filtered and the solid precipitate was washed with methyl tert- 
butylether (2x5 ml). A white precipitate (1 .30 g) was isolated. 
M.p.: 77-80°C. 

[0077] The spectroscopic data (IR, *H NMR, UV, mass spectrum) corresponded to the title compound. 



Claims 

15 1 . A process for the preparation of 2-[2,4-difluorophenyl]-1 ,3-bis[1 H-1 ,2,4-triazole-1 -yl]-propane-2-ol (fluconazole) of 
the formula (I) 



20 



25 




30 



CO 



and of pharmaceutical^ acceptable salts thereof, characterized in that a compound of the formula (IV) 



35 



40 



45 




50 



(IV) 



55 



wherein R represents H, benzyl, triphenylmethyl and COOR 1 with R 1 being alkyl or aryl, and Z represents a triazole 
radical or a hydrazine radical optionally substituted by R of the above definition, optionally in the satt form, is 
reacted with s-triazine of the formula 
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in an organic solvent under acidic reaction conditions as the reaction medium and at a temperature from -60°C to 
the reflux temperature of the reaction mixture. 

2. A process according to claim 1 characterized in that R1 is tert-butyl or ethyl. 

3. A process according to claim 1 or 2 characterized in that as the reaction medium there are used 

a) an organic solvent such as alcohols, ethers such as diethyl ether dipropyl ether, diisopropyl ether methyl 
tert-butyl ether, acetonitrile, DMSO, DMF, DMAA (dimethyl acetamide), N-methylpyrrolidone f and mineral and 
organic acids such as formic acid, acetic acid, trlfluoroaceticacld, methanes u If onlc acid, malonic acid, maleic 
acid, malic acid, chloroacetic acid, dichloroaceticacid : propanoic acid or paratoluenesulfonic acid, hydrochloric 
acid, sulfuric acid and nitric acid, or 

b) an organic acid alone. 

4. A process according to any one of claims 1 to 3, wherein the alcohol is ethanol, methanol, 1 - or 2-propanol and 
the organic acid is formic acid or trif luoroacetlc acid. 

5. Hydrazine compounds of the formula (IV) 




wherein Ft represents H : benzyl, triphenylmethyl and COOR 1 with R 1 being alkyl or aryl and Z represents a triazole 
radical or hydrazine radical optional^ substituted by R defined as above, with the exception of the compound 
wherein R is H and Z is a triazole radical, optionally in the salt form. 

6. Hydrazine compounds according to claim 5, wherein R 1 is tert-butyi or ethyl. 

7. Process for the preparation of the compound of the formula (IV) as defined in claim 5 or 6 wherein Z is a hydrazine 
radical optionally substituted by R of the above meaning, characterized in that from 2-(2,4-difluorophenyl)-1 ,3-dis- 
ubstituted propane-2-ol of the formula (III) 
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15 



wherein X has the meaning of halo, hydroxy or a substituted hydroxy group, a compound of the formula (IV) is 
obtained by the substitution of the group X with a hydrazine compound of the formula (V) 



20 



NH 2 NHR 



(V). 



Patents n sprue he 

25 1. Verfahren zur Herstellung von 2-[2,4-Difluorphenyl)-1 ,3-bis [1H-1 ,2,4-triazoM-yl]-propan-2-ol (Fluconazol) der 
Formel (I) 



30 



35 




40 



0) 



und von pharmazeutisch akzeptablen Salzen davon, dadurch gekennzeichnet, class eine Verbindung der Formel 
45 (IV) 



50 



55 
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(IV) 



in der R H, Benzyl, Triphenylmethyl und COORi reprasentiert, wobei R1 Alkyl oder Aryl ist, und Z ein Triazolrest 
oder ein Hydrazinrest, gegebenenfalls substituiert durch R derobigen Definition, gegebenenfalls in der Salzform 
reprasentiert, mit s-Triazin der Formel 



in einem organischen Losungsmittel untersauren Reaktionsbedingungen als dem Reaktionsmedium und bei einer 
Temperatur von -60 °C bis zur Ruckflussternperatur der Reaktionsmischung zur Reaktion gebracht wird. 

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass R1 tert.-Butyl oder Ethyl ist. 

Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass als Reaktionsmedium 

a) ein organlsches Losungsmittel, wlez.B. Alkohole, Ether, wle z.B. Dlethylether, Dlpropylether, Dllsopropy- 
lethsr, Methyl-tert.-butylether, Acetonitril, DMSO, DMF, DMAA (Dimethylacetamid), N-Methylpyrrolidon und 
mineraiische und organische Sauren : wiez.B. Ameisensaure, Essigsaure, Trifluoressigsaure, Methansulfon- 
saure, Malonsaure, Maleinsaure, Apfelsaure, Chloressigsaure, Dlchloressigsaure, Propansaure oder Para- 
Toluolsulfonsaure K«l7»qi 

-I — i -— -• ■ • » — . — . w VHIf/VlVIUUUI WU^I 

b) eine organische SSure allein. 
verwendet wird. 

Verfahren gemaB einem der Anspruche 1 bis 3, bei dem der Alkohol Ethanol, Methanol 1- oder 2-Propanol ist, 
und die organische Saure Ameisensaure oder Trifluoressigsaure ist. 

Hydrazinverbindungen der Formel (IV) 
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M f 



•F 



NHR 



F 



(IV) 



in dsr R H s Benzyl, Triphenylmethyl und COOR 1 reprasentiert, wobei R 1 Alkyi oder Aryl ist, und Z Gin Triazolrest 
Oder Hydrazinrest, gegebenenfalls substituiert durch R der obigen Definition, reprasentiert, gegebenenfalls in der 
Salzform, mlt der Ausnahme der Verbindung, in der R H und 2 ein Triazolrest ist. 

6. Hydrazinverbindungen nach Anspruch 5, bei denen R 1 tert.-Butyl oder Ethyl ist. 

7. Verfahren zur HersteNung einer Verbindung der Formei (IV), wie in Anspruch 5 oder 6, definiert wobei Z ein Hy- 
drazinrest, gegebenenfalls substituiert durch R der oben genannten Bedeutung, ist, dadurch gekennzeichnet, 
dass aus 2-(2,4-Difluorphenyl)-1 ,3-disubstituiertem Propan-2-ol der Formei (III) 



wobei X die Bedeutung von Halogen, Hydroxy oder einer substituierten Hydroxygruppe hat, elne Verbindung der 
Formei (IV) durch Substitution der Gruppe X mit einer Hydrazin verbindung der Formei (V), 



erhalten wird. 
Revendicatlons 

1. Proceed pour la preparation du 2-[2 f 4-difluoroph6nyl]-1 l 3-bis[1H-1,2,4-triazol-1-yl]-propan-2-ol (fluconazole) de 
formule I 



X 




X 



(in) 



NH 2 NHR 



(V), 
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(I) 



et des seis pharmaceutiquement acceptables da celui-d, caracterise en ce qu'un compose da formula ( IV) 



dans lequel R represente un H, un benzyle, un triphenylmethyle, et un COOR 1 , R 1 etant un alkyle ou un aryle, et 
Z represente un radical triazole ou un radical hydrazine facultativement substitue par R defini comme ci-dessus, 
facultativement sous forme de sel, est mis k reagir avec de la s-triazine de formule 



dans un solvant organique dans des conditions reaction nelles acides comme milieu reactionnel et h une tempe- 
rature allant de -60 °C & la temperature de reflux du melange reactionnel. 

Precede selon la revendication 1 caracterise en ce que R 1 est un tert-butyle ou un ethyle. 

Precede selon la revendication 1 ou la revendication 2, caracterise en ce que comme milieu reactionnel sont 
utilises 

a) un solvant organique tel que des alcools, des ethers tels que de Tether diethylique, de I'ether dipropylique, 
de Tether diisopropylique, de Tether tert-butylmethylique, de Tacetonitrile, du DMSO, du DMF, du DMAA (di- 
methylacetamide), de la N-methylpyrrolidone, et des acides mineraux et organiquestels que de I'acide formi- 
que, de I'acide acetlque, de I'acide trifluoroacetique, de I'acide methanesulfonique, de I'acide malonique, de 
I'acide maleique, de I'acide malique, de I'acide chloroacetique, de I'acide dichloroacetique, de I'acide propio- 
nique ou de I'acide p-toluenesulfonique, de I'acide chlorhydrique, de I'acide sulfurique et de I'acide nitrique, ou 

b) un acide organique seul. 

Precede selon I'une quefconque des revendications 1 k 3, dans lequel I'alcool est de i'ethanol, du methanol, du 



z 




NHR 



(IV) 
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1 -propanol ou du 2-propanol, et I'aclde organique est da I'aclde formique ou da I'acide tiff luoroacetique. 
Composes hydrazine de formule (IV) 




F 



(IV) 



dans lequels R represents un H, un benzyle, un triphenytmethyle, et un COOR 1 avec R 1 etant un aikyle ou un 
aryle, et Z represente un radical triazole ou un radical hydrazine facultativement substitue par R defini comme ci- 
dessus, a ("exception du compose dans lequel R est un H et Z est un radical triazole, facultativement sous forme 
de sel. 

Composes hydrazine selon la revendlcatlon 5, dans lesquels R 1 est un tert-butyle ou un ethyle. 

Precede de preparation du compose de formule (IV) selon la revendication 5 ou la revendlcatlon 6, dans lequel Z 
est un radical hydrazine facultativement substitue par R selon le sens ci-dessus, caracterlse en ce que a partir 
du propan-2-ol 2-(2,4-difluorophenyl)-1 ,3-dlsubstitue de formule (III) 




(m) 



dans lequel X represente un groupe halo, hydroxy, ou hydroxy substitue, un compose de formule (IV) est obtenu 
par la substitution du groupe X par un compose hydrazine de formule (V) 

NH 2 NHR (V) 
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Flj.2 

NMR SPECTRUM 
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